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FOREWORD

The design and use of a large millimeter facility to be constructed on
the planned Space Station (the Space Station Millimeter Facility, SSMF) are
described. Such a facility, consisting of 37 antennas (dishes) each Sm in
diameter distributed over a maximum distance of 200 meters in a "T" array,
will have manifold applications in both basic and applied research and will
be the premier instrument in the world at high radio frequencies.

Although there are toc many areas of possible applicaticn to elaborate
in a compact repert and to be discussed capably by the present authors (For
example, agricultural studies, snow and ice cover measurements, watershed
evaluation, lower atmosphere storm investigation, etc. are outside of our
areas of expertise.), numerocus possible research and survey prodrams are
presented., For monitoring the Earth's surface resources, phencmens, and
changes at microwave frequencies the SSMF will provide a level of
sensitivity, detailed mapping, and large scale surveying not presently
available or planned. In the middle atmosphere, the physical and chemical
properties of a number of impertant gases can be mapped with high
résolution and their dynamics determined. For Solar System exploration,
there i1s presently no instrument in existence or planned which can provide
the reliable, high data rate communications to spzcecraft probes of the
suter planets which will te possible at nigh frequencies with the 3EMF.

Ffor astrenemy, the 3SMF will crevice an unprecedented agvance in
instrumental capability for studies frcm the millimeter through the far
infrared regimes, cne of the last unexplored regions of the electrcmagnetic
sgectrum. Particularly for astronomy, the SSMF will provide research

cpgertunities unattainablie from the Sround to explere the preperties ef all

.
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astronomical ocbjects from the Sun, through the Solar System bodies, to the
interstellar medium of the Milky Way and other galaxies, out to the most
distant guasars with resoluticn and sensitivity equalling or exceeding all
existing or planned millimeter wavelength telescopes. The enigmatic
processes of star formation, the compact object at the galactic center, 2nd
the unkncwn energy generaticn mechanisms of the powerful non-thermal radio
scurces can all be explcred.

Even though the likely capabilities of the Space Station itself are
still relatively poorly known, we prcvide here a flexible design for the
SSMF which can be adapted to any final constraints and wnich is relatively
zodest in its technical requirements while providing significant new
capability. Zssentially all parts of the desizn considered here are

available for ground based zpplicaticn at the present time. Therefore, we

1)

re also abls {o provide an estimate of the asscciated data processing

lad

acilities neeced for the SSMF and to give a very preliminary estimate cf

“he likely cost.

Vi




THE SPACE STATION MILLIMETER FACILITY

INTRODUCTION

With the increasing capability for building and maintaining large
structures in space and the planned construction ¢f a permanently manned
Space Station in lcw Earth orbit, it i3 possible to consider the inclusicn
of a large radio telescope on the Staticn for a variety of basie and
applied research tasks. A large microwave facility established on the
Space Station will serve both as a test bed for the develorment and
application of new technology in construction and operation techniques in
space and as a source of significant new results in Earth resource sensing,
atmospheric studiss, deep space communications, and astrcnomy.

In “he area of Earth sensing, the tcpography, composition, temperature,
and ground ccver of the Earth's (and sea's) surface can be studied witha
< 2CC m resolution in numerous spectral bands. The density, compositicn,
and structure of the Earth's atmosphere can alsc be investigated cn
hectameter sicze scales.

For cdeep space ccmmunications, there is no existing facility which can
ccommunicate with spacecraft beyond the crbit of Neptune at the high bit

r3zte3 desirzbla

e,

cr the transmission of Zraphic data. Even the excellent

ct

quality, superbly egquipped 70 m NASA Deep Space Network (DSN) antennas and
“he full array of 27 25-meter antennas of the Very Large Array (VLA) near
Socorro, New Mexico provide only marginal “it rate capability at these

distances. For such work, however, the hizh gain of the SSMF at short

Manuscript approved March 23, 1986.
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y wavelengths will more than compensate for the larger collecting area of ;3
' k
5 ground bssed facilities and provide the possibilitiscy of reliable -
e
; ccmmunicaticns throughout the Solar System. W3
- Finally, the existence of such a facility will allow detailed ;
5\ o
investigaticn of many areas of astronomy including Solar System, galactic, b,
i 4
N and extragalactic sources. The chemistry and physics of giant molecular ﬁ
. elouds, the ccmposition and dynamics of the interstellar medium, and the N
i . \.
, . . , . . s LN
: srocesses of star formation can all be probed in far greater cetail than i3 NS
-
o sresently pcssible., Frcm the powerful non-thermal processes in active . X
L) 1
galactic nuclei and quasars, to the dynamics of external galaxies, to the
.
’ surfaces and atmospheres of the near, cold Solar System bodies, to the k>
.d‘ [y }
0 activity on the surface cf the Sun many areas can be researched in new -
-' ’
Wavelength ranges.
9 These represent ¢nly a few of the disciplines where the SSMF will make .
% a significant improvement over rresent and planned capabilities. {3
¥ Cbvicusly, with such a majcr increment in instrumental pcwer, manv other =
. areas of science and technolcgy Will Ce favoratly affected and the :}
- « V)
o pcssibility for unexpected new discoveries is great. .
-' %Q
-- U
. Technical Sctecification. To represent a significant acdvance cver current 2
. capab.lity and to meet the needs of the several important areas of research "
e and applizaticn, the general requirements of the Space Station Millimeter e
- Tacility (3CMF) are: >
; >
: R
N 2 2 Yo
N 1} a large tctal collecting area (V10~ a%), RS
2) 2 brcad frequency coverage (v $10 GHz to v 2 3C0 GH2), G
3
. 3) a wide field of view (on Earth: 210 km at 1C GHz; on sky: *i' at 200 :,i
3 T .t
. GEz;, W
\‘ |..:
. _.."
- L

ce et e . -
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4) a small pixel size (on Earth: 100 m at 10 GHz; on sky: ~1" at 300
GHz),
5) a broad survey capability, and

6) a flexibility of operaticn and application.

In order to satisfy these scmewhat conflicting goals and to obtain a
powerful yet flexible instrument without requiring the construction of
extremely large individual structures in space, an Iinterfercmetric array of
30 small antennas ("dishes") each 5 m in diameter to be arranged in a 3-arm
"I" configuration with individual arm lengths of 100 = is proposed. This
i3 shown schematically in Figure 1 where it is assumed that the stem of the
"T" is along the vertical axis of the Space Station aligned with the
gravity gradient, and the cross on the "T" is perpendicular to both the
vertical arm and to the orbital plane. Additionally, to give high
trightness sensitivity for a brecad survey mode, a "single! telescorve
censisting of 7 dishes, 2ach 5 m in diameter, on a single steerable mount
is included in the center of the array (Figure 1). All dishes of the array
are fully steerable and, in order to make optimum use ¢f the available
coliecting area and to provicde a large field of view, each is equipped-with
multiple feed nerns. [A staggered array of 5 fs2ed horns (see the resulting
team patiern projected onto the surface of the Zarth for downlooking
applications in Figure 2) is considered here,] Althcugh 5 m dishes would
be uUsable at {requencies as low as V3ICO MHz (wavelength 1 m) and 3vailatle
technclcgy will prcbably permit the ccnstruction of 5 m dishes which are
usable at f{requencies as high as 7.5 THz (15C um), we will not consider
applications below 10 GHz (wavelength 3 cm) or above 1 THz {3C0 um). We
assume that a bandwidth of 1 GH2 is achievable at all observing frequencies

4 -

of interest and that currently availasble (or almost zvallable) low receiver

o3

0ise temperaturas can be maintained in space. Additionaily, full
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polarization capability will be incorporated into the SSMF for its
application to btoth astronomical and Zarth sensing problems, These
parameters for the SSMF are listed in Table 1.

With the values assumed in Table 1, the various observaticnal
capabilities of the SSMF can be calculated and are listed in Table 2.
Examination of Table 2 shows that the SSMF will be an instrument of
unprecedentec power. It will provide both surveying and instantaneous
imaging capaonility cver a brocad band of {requencies frcm the radic tc <he
infrared witn nigh sensitivity and resclution over a wide field of view.

It will also be flexible in tre use of these capabilities with several

different mccdes of application for different cbservational needs.

Modes of Tperaticn. With such a flexitle instrument, there are numercus

-

cc8sible mcdes of creraticn suitable fcr various observing needs. All cf
these will De 23sumed to have full solzrizaticn and full stectral analysis
capability. The twc basic areas of application can te diviced rocughly into
Jown.ccking (Zarth and atmospneric studies) cr uplcoking (celestial
studies), and cf these the latter will likely employ thne fewest cifferent
wyces cf cgserving medes and will therefcore be discussed first.

Sxperience has sncwn that astrcnemical interfercmeters are almost
always used in Tull interferometriz mcde with all availatle dishes applied

to the study of the same objecz. Therefore, for astronomy the SSUF will

.. - b ioliad mypms " mm Y < - AT - " 5 SPI
Jenerzlly use 21l 37 zvzilatle idishes ¢ map a fizlc of intarest to full
Saae s -, s P - i - $ - fdat
rescluticn. Tihe ameunt of integrsticon time tc te 3appliad to a given fleld

cdepends, ¢! course, on the precrertiss of the ob

gesition ¢on the sky, dut, for cb_ects near the plare ¢ the crbit, the

O

integraticn will be limited =0 appreximately 2C minutes ter ordit oy Zarth

o

zicckage 2on the cne nand and Sy 2ishe%0-dish sradcwing on the other,




Cbviously, if more integration time is needed, observations from many
crbits can be added for better sensitivity. Because the cross arm of the
"T" array will be maintained perpendicular to the orbital plane of the
Space Station, those celestial objects whose line of sight is nearly in the
plane of the orbit can have quick "snapshot" images made while those lying
in directions nearly perpendicular to the plane of the orbit will have to
use rotation synthesis techniques over a large part of an ordit (assuming
that the Space Station is gravity gracdient stabilized with its major axis
lying along a radius to the Earth's center) to cbtain sufficient baseline

rotation for good imaging. For surveying larger areas, the SSMF will have

Dl

at least 5 feed horns per antenna providing 5 simultaneous synthesis fields

on the sky. Acdditionally, the SSMF is designed with a central antenna

consisting of 7 of the 5 m dishes on a single mount (the 7-shooter) %o

grecvide a large collecting area for quickly surveying brcad areas of the

sky Wwith the relatively limited resolution needed for studying large

o

intersteilar complexes. Althcugh the other mcdes of operation discussed
. Delow Wwill alsc te available for astronomical observaticns, they are not
. expected to be ccmmonly used.

For dewnlcoking, the situation is more ccmplicated by constraints frem
the relatively close horizcn, by the fast moticn of the Space Staticn
relative to the areas to be studied, and by the wide variety of needs for
fields of view, low and high resolutions, and sensitivities. The basic
senstraint on dewnlcooking fs that strsight down (nadir angle = 2°%; the
nadir angle i3 thaet measured between the radius te the Zartn's center and

the angle cf viewing) is nct rormally useful (all dishes along the vertical
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the <zngent to the ortit {nadir angla = 3C°%) misses all stliects on the

Zartih's surface or in its atmesphere. Thus, most observaticrs will be made

[

: : s . : - 4 . .
at intermediate angles which we will take %S¢ te “U5 fcr an incidence angle
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on the Earth's surface of ”SO°. Fortunately, it turns out that incidence
angles close %o this value are also optimum for using the full polarizaticn
capability of the SSMF to study surface properties,

Downlooking at such an angle, there are a number of options for
employing the available antennas to fulfill different sensitivity, survey
area, and resoluticn needs. These ccnsist of several ceonfiguration mcdes

(CM) and a like number of orperation modes (CM).

CM1. The sipplest configuration mode conceptually is that of many
single dish, tctal power observations in which esach of the 30 antennas
in the SSMF is used independently, with its 5 independent feeds, as 35
total power radicmeters, (Similarly, the T-shcoter can te used as 3
nigner sensitivity total pcwer radicmeters for scme “ypes of
ctservaticns.] Thris mode of operaticn provides the largest survey ares
{180 separate fielas of view), but the lowest sensitivity and

rescilution.

CM2. A seccnd possidla cenfizurstion mede is %o elsctronically splis

the 3SSMF into several sub-arrays, each cperating like a separate arrzv
telesccpe. This mode provides better resoluticn and sensitivity than
CM1, tut with a smaller instantanecus survey area and with gereralily
cumbersome :image respense ratterns (synthesized heams). Configursticn

Yedes ' 3nd 3 are otvicusly the two limiting cases for the use of

(%)

3ub-arrays. oo
Voo
[ '-
CHM2., The tihalrd possible configuraticon mode 15 to use all dishes of zhe Sy
P
~‘ “
SSMF in full interfercmetric cferzticn for maximum sensitivivy zand e
> - vy -
" Vn
resoiuticn with high quality imaging cacacility. This cernfiguraticon
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mode, of course, provides the full resclution, sensitivity, and imaging

capability of the SSMF,

For each of these configuration modes (CM), there are a number of

operation modes (CM) which can be employed:

CM1. the beams formed by the SSMF can be allowed to scan the Earth's
surface parallel to the track of the Space Station at its 7.5 «n s-1

orbital rate -- the "pushbroom'" mode; -

CM2. the beams can concentrate on a single area of the Earth's surface
for the maximum length of time permitted by the physical constraints of .
the dish mounts, the Space Station's norizon, and the increasing path

length through the atmosphere -- the "tracking" mcde; and

CM3. the beams can te raster-scanned aleng and/or perpendicular to the
Space Station's orbit to study either very large areas (larger than the S
sushbroom mode) very rapidly or to stucdy intermediste sized areas v
(smaller than the pushbrcom mede tut larger than the tracking mode) o

with better sensitivity -- the "rastering" mcde. e

Tach cf these ccnfizuration and cperaticn medes h1as its own advantages

and 4isadvzaniaZes and i%s own particular uses. Thege are described in the
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Earth Sensing. Table 3 lists a number of phenomena on the Earth's surface

which are known to affect its microwave brightness temperature (Ulaby,
Mcore, and Fung, 1981). These variations in brightness temperature (ATb)
occur over different size scales from many hundreds of xilcmeters to only a
few meters in size and Table 3 indicates whether they will be most amenzble
to study with the 3ingle disn total power, moderate resoluticn moce o B
of observation with the SSMF or with the full interfercmetric synthesis,
high resolution mode (CM3) of observation. The Earth surveying
capabilities onQmse twe possible observing modes are given in Table 4.

It shoulcd be noted that the moderate resolution configuration (CMT)
orovides an enormous pushbroom swath due tc the large number of serarste
antennas (30) and b2ams per antenna (5) available. Hence, extremely large?
ar=2as of the Zarth's surface can be surveyed very rapidly. Tais gperaits
large scale mcnisoring of variatiens in gross surface prcgerties. Mest, :if
not all cf the phenomena listed in Table 3 will shcw temporal changes or
sonsiderable interest. The full interfercmetric, high resolution mcde
(CM3), on the other hand, provides remarkably fine detail for surveying
small scale features on the Earth's surface and will permit high resolution
ccnparison of micrcwave images with infrared and optical pictures,

The 3¢ brightness temperature sensitivities (ATb) given in Table U show
shat the SSMF will nave excellent gensitivity o many of the Zartn's
surface phencmena sucn as thcse listed in Table 2 (Hellinger and Lo, ¢34
vintz and Simonett, 1%76:; Pampaloni and Palcscia, 1985: Ulaby, Mcore, ang
Fung, 1282). Also, the availability ef full polarization wiil provize
additional information on the properties of regular surface {eatures such
as sea roughness, Clearly, the SSMF will constitute a majcr advance

farth sensing with its capability for making rapid, hiszh resolutien, hizgn
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sensitivity microwave emissivity and polarization measurements of large

areas.

Atmcspheric Studies. For atmospneric studies, the SSMF can be used as a

line spectrcmeter in a limb scanning mode to make composition measurements
in the middle atmosphere (35 - 100 km height). Many atmospheric
canstituents, scme of which are already known to be important to our
ungerstanding of atmosgheric chemistry and physics, have sgectral lines in
the millimeter wavelength range, Cbservaticns in this range, In fact, have
distinct advantages over infrared measurements, the most prevalent data
availatle tcday, tecause the millimeter lines are much more widely spaced.
This avoids the extreme ccmplication of the infrared telluric lires which
are due to many overlapping vibration-rotation transiticns. Single
i30lated millimeter rotat_onal lires can be easily cbserwved and trhe non-LTZ
(nen-lceczl thermcdynamic equilibrium) effacts which slague infrared
measurements above the stratopause (D50 km reight) do nct beccme impertant

until much higher (5100 km).

Cvidence cf

cr

he imccrtance cf remote sensing at nillimeter wavelengths
for atmospheric studies is the rapid increase in the number of ground-based
deasurenents curing the last 10 years and tne plans for space-based
instruments in %the near future., The Microwave Atmospheric Sounder (MAS)
Will be carriad aboard the Space Snuttle in Ncvember 1088 and the
Millimeterwave Limo Sounder (ML3) will be carried zbcard the upger
Atmcschere Research Satellite (UARS) zo me launched in late 1683,

The S8MF, however, will be a much more powerful instrument for

atmospneric studies due to its superior sensitivitv, spatial resoluticn,

frequency ccverage, sgpectral rescluticn, and flexibility of cperation.

b

atle £ lists a number of constituents cf ¢

-

e middle atmosphere wnose

investigation is impcrtant for atmospneric research and whizh possess
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rotaticnal lines in the 10 GHz to 1 THz frequency range of the SSMF. With
the capability to study “hese with high spatial and frequency resoluticn
and with good signal to noise, a number of important topics can be
attacked.

Ozone is a vital ccnstituent of the middle atmosphere which shields the
Earth's surface from the harmful effects of solar ultraviolet radiation.
Although life as we know it cculd not exist witheut this screening layer,
the layver aprears to be extremely fragile and may be beccming derleted Sv
antropogenic effacts such as the release cf freons used in refrigeration
andé nitrogen products used for fertilization. The ereaticon, destructicn,
distributicn, and transgort of ozone must be better understood 3o that,
with the aid of middie atmospheric phctochemiczl medels, a prognestic
capability can be achieved. Since czone interact: photochemically witt
Tany other stmospheric 3species and is alsc controlled by dynamical
Frocesses, tne distribution of these atmeospheric constituents must alsc te
measurad and the atmospheric transpert grocesses understcod Lo cttain a
comprenensive mocdel of the 2bundance and global distributicn of ozone.

The SSFM with its high resoluticn and sensitivity will contribute
siznificantly to this goal. It will permit the distrituticn of ozcne
itself tc be measured on s zlobal basis over lcng time scales.
Additicrally, the two guantities whizh most eritically ccntrol tre ozone

abundance .n the mesosthere Twater vaper (#.0) and atmoscheric temperature]

2
can cte messurec wWitn the ISMF ancd species such as C10, the nisrszen
ccmpeunes NC, HCE. and NEO. anc HCZ which are Involved in catalytic cycles
ieading o the destructicn of ozone in the stratosphere (15-30 knm) are

potentially measuraol2. Thus, “he SSMF can furnish 2 nearly complete set

of data tc test ghotcchemeial medels and to iner=ase cur understanding of

oIcne relzted prccesses in the middle atmeschere,
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The distribution of water vapor in the middle atmosphere is also
important because this molecule appears to be an excellent tracer of
vertical motions. It is believed that the breaking of gravity waves near
the mesopause is the predominant mechanism for the production of vertical
mixing in the mesosphere and SSMF measurements will allow the detailed
mapping of these processes. Combined with the temperature and pressure
zeasurements ottainable with the SSMF, the stratospheric wind field can be
determined. There is currently great interest in measuring the coupling
betweesn the stratcspheric wind field and the gravity wave vertical
propagation resulting from selective filtering of these waves. With the
SEMF these prccesses can be investigated in detail.

further area of study for the SSMF in atmospheric physies is the
distribution and transcort of carbon menoxide (CO). It has numerous
millimeter line transitions and, because of its rather lcng photochemcial
lifetime, is an excellent tracer c¢f large scale moticns and circulation
patterns in the middle atnmosphere, 2specially zbove 50 km. These
circulation patterns are an important mechanism for the transpert of mincr
constituents Iin the atmosphere.

There are a numbter of other important constituents ¢f the middle
atocsphere whcse abundances and distributions can be traced with the SSMF
(see Table 5), Data on all of these will ccntribute to the improvement of

models and our ability tc determine, understand, and prediect impertant long

carm atmesgpheri

[#]
1]
i)
'Yy
1
0O
4 4
W

3uech as the ozone cyele, stmcscheric werning

(greenncuse ar

ry
¢t

2¢c%), atmespneric ccoling (sclar enerzy retro-scstiering),
and, perhaps, their influence con more local effects lixke climate and

=

weatner.

Deen Space Cemmunications. The past two decades have witnessed an

explosive growth in cur knowledge of the Solar System, primarily through
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unmanned probes to other planets., Mars and Venus have been observed in
great detail with both ortiters and landers and Jupiter and Saturn have
been clcsely approached by interplanetary probes., However, the outer
planets, Uranus, Neptune, and ?luto remain largely unexplored. This
situaticn {s now improving with thne mission of Voyager to Uranus and
Neptune, but there are sever: rroblems of communicating with spacecraft at

these distances, This is especi

[

1ly true since imaging is one of the most
impertant functicns of planetary prctes but it requires very high data
“ransmission rates at gocd signal to noise. For example, the Voyager
teleccmmunications system (Edelson et al., 1979; 2rejcha, 1¢80), the most
advanced yet flown (see Table § for system parameters), was designed with a
nunter cf unique features enabling it to deliver high quality televisicn
pictures at high bit rates from Jupiter and Saturn to the 64 m Deep Space
Network (CEN) antennas. These features inclucde the use of 2 high freguency
2ata iink ({-band, 8.4 GAz), an on bcard 3.7 m antenna, and acdvanced coding
techniques. (A signal-to-ncise ratio of 1.82 was required to achieve the
J.5% or smaller Lit error rate required for the %ransmission of images.)
The result wzs excellent gJuality images at a high dit rate of 115 kb s—1
from Jupiter and at a lower 9i% rate of 44.8 xb 5-1 from Saturn. Reference

o Figure 23, however, shows that this communications system is marginal for

cr
3
o
=]
[
2]
el

ssions frecm the outermcst planets., For the Jznuary 1936 Uranus

siznzl-to-noise and ror tne 1532 MNeptune encountar trne Jerv Larze Array

(7LA) of the Maticnal Fadio Astrcnomy Ctoservatory (NRAO), consisting of 27

antennas each 25 m in diameter, will be specially instrumented at R.4 GH

(2]

to explcit its U times greater cclilecting area.
Future 2issions %o the outer planets will require the highest possible
2s%a rates {or their imaging systems while the opticns available to achieve

substantial increases in such capability are very limited. Further
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reduction in receiver noise temperatures and the use of more sopnisticated
coding techniques are both approaching fundamental limitaticns. Increasing
the available collecting area of the receiving antennas necessarily
involves the construction of large and expensive facilities with collecting
areas at least several times greater than the >13,000 m2 of the VLA.
Deploying significantly larger antennas cn future spacecraf® presently
iavolves considerable engineering difficulties. Onboard recording of
images for delayed, slow transmission after the planetary enccunter may be

useful for fly-bys, but limits the effective rate at wnich an orbitar can

return information. Firally, available spacecraft transmitting power is

severely limited by thermal load requirements.

The use of higher frequencies, resulting in much higher antenna gains,
crovides an atitractive and reasonable sclution. However, for ground-based
antennas the use of shorter wavelengths increases the difficulties of
attenuasticn and emission in the EZarth's atmosphere, Even at 8.4 GHz %tne
atmogpheric limitation is potentially sericus, since the system temperature
at any of the DSN stations can increase by a factor of >10 during heavy
rain (Zdelscn 2t al., 197%). Hence, future advances in interplanetary
telecommunications must involve high frequency receiving antennas with
large collecting areas in space.

The SSMF will be a major advance in this area. It will not be limited
by the Earth's atmosphere and will be able to operate at freguencies >100
ZHz he ni ! 3ins more than offset tre neormally larger
collecting areas (and possibly lcwer system temperatures) of grecund-pased
antennas. The result is at least an order-of-magnitude increase in
signal-to-noise for the SSMF over the DSV antennas. The performance of
SSMF depicted in Figure 3 shows clearly %hat such a system will provide
sensitivity needed for exploration to the cuter reacres c¢f the Solar

System.
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Astroncny. The design of a large millimeter wave radio telescope has been
the topic of detailed discussion within the astronomical community since it
became clear in 1983 that the planned 25 m millimeter telescope would not
ce built, These discussions have resulted in the outlining of z pressing
rneed for an instrument with a total cocllecting area of ~10CC m2. a
resolution of ~i", and an ability to work at frequencies >3C0 GHz
(waveleng-h <1 mm) (see 3arrett, et al. 1G83). With its planned collecting
area cf 72% mz. it3 resolutizn at :C0 3SHz of ~1", anc its petentiality of
worxing erficiently at hoth sub-millimeter and millimeter wavalengths, the
SSMF will provice this ability. The capabilities of the SSMF, hcth <he
sroperties of tha full array and of tre central survey "T-shocter!" alement,
are listed in Tapble 2. As is aprarent frcm Tabla 2 the IIMF Will srevide
axcellent resoluticn, frequency ccverage, and fileld of view. Iis
sensitivity to unresolved sources is sutstancing in the full synthesis mcce

of operation [C.7 =y (%¢) for a 3C aminuca integration; arcd the

-

Srightness temperature sensitivity of the central survey "=-shocter s

exceilent [C.42 mK (7¢) feor a 30 minute integration; Tatla 21,

Adciticnalily, being space based, tne SSMF will not suffer rcom the many
atmoscheric limitations :imposed on ground tased telescopes. Figure < /]
1985) illustrates how severe the atmespneric limitations are, sven fr2m <re

best xncwn ground hasad 3ite at 4,2C0 m altituc

on the tep of Maura €24 10

Hawaii. As is apparent frecm Figure 4, evean uncer zocd conditicns ani Iin
such an cutstanding lccation, ohksarvations surfar scme geqg-a3caticon zn 70
36z and sevare acegradaticn petween 3CC to 3CC ZHz. at Trequentia2s zoove

5C0 GHz, ground tassd cbservations are essentially impessitl2 beczuse !
the atmospheric atsersticn. The SSMF, cn the other hand, Wwill Ze 3dle Lo
WwCr thrcughout tihe "mm<IX zap" in crtservaticns of the 2lzaciromzgnetic

Spectrun.
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A comparison of the properties of the SSMF with those of other existing
or planned millimeter-submillimeter wavelength telescopes is given in
rigures 5 and 6. Figure 5§ shows the resolution of all telescopes as a
function of frequency (bottom scale) and wavelength (top scale) with better
resolution at the top and peoorer resoclution at the bottom. As can be seen,
the SSMF in the full array mode of operation has resolution approaching
that of any of the existing or planned ground based interferometers
tCalifornis Institute ¢f Technology interferometer (11); University of
California intarfercmeter (12); German-fFrench interferometer (IXAM) (13);
and Nobeyama, Japan interferometer (14)] and, because ;t is above the
atmospnere, the ability to work well even at submillimeter wavelengths.
(Most telesccpes nave an operational upper frequency limit of ~300 GHz due
=0 their nechanical surface irregularities and even those with sufficiently
accurate surfaces are limited to frequencies <5C0 GHz by the atmosghere, as
nas Yeen Ziscussed sbsve,) It is also apparent frem Figure 5 that the
“-shocter ¢of the ICSMF wWill %he cne of the most cowerful "single dish" high
Irequency telescopes in existence, even at frequencies Ltransmitted by the
atac3prere, It Will be without peer at the nighest frequencies.
igure £ shows, in a manner similar to Figure 5, comparison of the SSMF
with existing =r rlanned aillimeter-sucmillimeter telescopes in terms of
ccllecting area () sensitivity) with larger collecting areas at the top and
smaller ccllecting 3reas at tne bottcm., [Since sensitivity is a functicn
¢l Sotha 2oil2cting ire3d and antenna arficziency fas well zs raceliver noise

temperature, 22To,), fince wne antenra

@

fficlency changes strongly with
frequency wren tne Iisn bezias S0 reaca its urper frequency limit, and

. - ol .
nee Tne erllc

w
v

anmcy Turve i3 usually nct well kncwn for mest hizgh
freguenty LnZwruments, We 7ave nct attampted to display instrument

. the SSMF in fulil

3ymuresLI Tmole fad 3 Larger tollecting area than any existing cor planned

D)
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millimeter-sutmillimeter instrument except the Nobeyzma, Japan 45 m
talescope (1i0) and nas a much greater frequency capability than other
instruments. Even <he central T-shocter cf the SSMF will te cne cf the
largest high frequency telescopes in the world and wi have the acdvantages
of being srace based.

Scme of the important areas ¢f astronomical research to wnich a
millimeter-sutmillimeter telescope can be applied sre listed in Table 7.
In gereral, <he SSMF will provide a2 tremendcus acdvance in our abilizy for
nillizmeter-submillimeter wavelength cbservatlions of everything f{rocm our
nearby Sun to the mest distant quasars.

The Sun, cur most important star, must be studied at millimerer
wWavelangtns <o probe the deepest part of its chromosphere and to
investizate the magnetchydrodynamic processes of prominences, spicules, and
flares. In the interplanetary medium, the sizes, shapes, ccmpositicns, and
a.cedcs of tne astersias can te deternined znd the cemplicated chemical
reaqeticns 2n ecmets can te opserved. On the planets znd their sztellites
not only can their surface %Sextures, temperatures, and albedcs e
determined, tut the ccmpositicn and dyramics of meny atmospheric gzasses can
be investigated.

For exampla, %he distritution and cdynamics of carben mcnoxide (CC) can
te studiec in the atmospneres c¢f Mars and Vanus (see, e.g., Figure 7;
Schlcerds, 1986); the atmosgheres of “he giant planets, Jupiter and Saturn,
can de zrcted tc greater Zeprths than 13 £cossidle at centimeter wavelangths)

the ccmzositicn cf Saturn's rings, a continuing mystery, zan be 2xpleored

threough thermal emissicn at mm waveleng=ns {rom the constituent particles;

the vuicanizm on Io can be moniteorad; and the massive atmcspher

1]
QO
3

can te investigated. The neat flow in the planets and satellites can also

2e reasured.
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‘ Galactic astrcnomy is one of the most active areas of millimeter- A
N
. : o
submillimeter wavelength research at the present time and will be greatly u,:
>
Sy
enhanced by the capability of the SSMF. The cores of the giant molecular
b
. “»
clouds (GMCs) and the compact regions of star formation need detailed, high ;“:
g
resolution studies of their cocmposition, dynamics, temperature, and density :g:
'f
to investigate this important birth phase of stars. For stars in A
ry : - Ky : r3 : 4 .“
intermediate stages of their 1life cycles, binary systems can beccme St
™~
extremely active with large nass exchanges, accretion disks, and high 5;
A
velceity jets, while highly evolved stars lose mass at rapid rates by o
processes which are only poorly understcod. The SSMF will be able teo o
hY
.
fcllow this evoluticn with its high resolution, high sensitivity, and Pxﬁ
. . £
spectral line capability. g
The interstellar medium of gas and dust between the stars is known %o -
be rich in atcmic and melecular species and is in violent activity, f*}
0 ..,..
N . . : . =
contributing both to galactic dyrnamics and 2o stellar life cycles. All of R
these grocesses can be studied througn the many transisticns of mclecules
and neutral speciaes kncwn to be sbundant thrcughout the Galaxy. For
example, over 50 molecules, inclucding isotcpic variations, are now Known
(see Table 8) with over B0C detected transitions -- even though the
millimeter wavelength region is still poorly studied below 1CC GHz and
almest totally unexplored sbcve that (see, e.g., Sutton et al., 1985; 3lake
et al., 1986). Many of the iransiticns increase in intensity as the square
sf the freguency, so that mcre and sironger emissions can be studied at

shorter wavelangths, n the "mm-IR gap" tetween 3CC GiHz and 1 THz,

essentially nothing has ¢

®

en explored but it will certainly be rich with
molecular transiticns from the unseen, "cold" compenent of the interstellar
nedium {(see, e.g., Table G).

Scme cf the more spectacular investigations which will beccme possible

are the study of the melecular fcrmaticn and disassociation regions in the D
?':\‘

SN
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n
interstellar shocks found in supernova remnants and in the hizh velocit; :{
4 P\
winds of star formation regions. The most interesting examples of this e
il
last presently known are the so-called "bi-polar flows," where, by an =
5S¢
unkncwn mecharnism, some stars srew back into the interstellar medium high o
(B¢
. ) ry . ‘
velocity molecular streams in two oppositely directed iets [see, e.g., e,
’
- . : - ] ﬂ‘
Figure 8 (Gecldsmith et al., 1984) and Figzure 9 (Snell and Schloerb, 1685)1.
Many of these interstellar processes, both thermal and ncn-thermal, are . -
2nhanced near the galactic center where the activity may involve accretion .
1 cnto a massive core such as a black hole. The structure and dynamies of
e
this vital region needs to be further investizated at millimeter ..
. . R
. wavelengths., The ultimat2 goal, of course, is the understanding ¢f such c.
N ccmplex processes as molecule formation and disruption, stellar wind anc -
supernova injecticn, cloud formaticn and collapse, molscular specias and .
i e
- izotopes, the large scale distrituticn ¢f molscules and neutral atcms, and nj
: the fcrmation, maintenance, and eveluticn of our Galaxy. -~
The SSMF with its nigh resclution and sensitivity will also provide 1 <
i major new cbserving capability for extragalactic ztudiss. Past e
- observations, in spite of their limitations, have shown that the g
distribution cf molecular gas traced by the carbon monoxide (CC) N
o distribution at 3 mm wavelength is drastically different from the neutrzl -
- P:'
. nydregen (HI) distridbuticn measured a%t 271 ¢m wavelength {see, e.z., Figure }.
- )
*C (Young and Scoville, 1983)]. Because molecules are tracers ¢f a much e
sarger [racticn of the mass in a gzalzxy than the neutrsl nydreogen, Shese .
) results require =zcaiflication cf cur understanding cof the nass cistritutions .
: anc dynamics cf zalaxies. Also, there is a close ccrrelaticn zetwean sne
N CC in a galsaxy ancd i%s optical morpheclogical tvoe, implying 5 3irect :f
. R
. - : . : . Y ‘.(
N reiation 9o the active reglions of star {ormaticn. In crder -0 investizzne X,
L] .-{
: . . ‘ s . e
trese tentative relaticns further, ncwever, tnhe much nigher rescius.cn and =
‘ sensitivity cf the SSMF is reguired for these distant 2ojents. . 9
. !‘..
. ’&
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Not only can the breoad distributions of molecules like CO te
investigated with this new observing capability, high resoluticn and
sensitivity will give the possibility of studying individual giant
molecular clouds (GMCs), the most massive entities iIn a galaxy, in other
stellar systems. Much more information is needed on their structure,
chemical ccmposition, relation to galactic tyre, evolution, and dynamics.

Preliminary studies of the far-infrared emissicn szurveyed by the

vy

Infrared Astrcromy Satellite (ZIRAS) during its shert cperaticnal lifetime

shoWw a strong correlation between IR 2mission and mm-wave emission [see,
e.g., Figure 11 (Young et al., 1986)] so that low resclution IRAS maps can

ce used to pinpoint individual GMC complexes In cther galaxies ([see, =2.g.,

Figure 12 (Habing et sal., 1984)] for more detailed study at millimeter-

(8]

ubmillimeter wavelengths. Thus, with a permanent observing facility such
as the S3MF, many zalaxies which zre known to be strong infrared emitters
can be marped in Jdetail o study their GMCs and star formation regions.
Particularly, for a number of interacting galaxies which IRAS has shown %o
ce bright infrared sources, cnly the SSMF will have the resolution to te
zble to study the location and origin of the emission in detail.

Additionally, material which is %00 cold to have been detected by IRAS can

"

Cutside cf zalaxies, the SSMT will allow investigation of a number of

cosmolcogical questions. Scome Big Bang models predict fluctuaticns in the

ta)

relat2c %o thne formaticn of zalaxies in the initizl expansion of the

“ne nct 333 L clusters ¢f zgalaxies) needs to be measured far mcre

. - Y. ~ o~ - - P S - - - -
accurately. LCmZining tne mi.L..lmeter inrcermas

n With x-r3ay cbservaticns

o - -~ - F L - S - . - A
21 ne same nct Intrz-clust2r £33 can %2 used to d

1)

termine values for th

19




distance scale (Hubble Constant) and the expansion parameter (qo) of the

universe,

In the very distant and powerful extragalactic, non-thermal radio
emitting cbjects such as active galactic nuclei (AGUs), quasars (QSCs), and
icw frequency variables (LFVs), the SSMF can carry out high frequency
intensity monitoring and spectrum determination up to and through the mm -

IR gap. A number of spectral variations related to the energy generaticn
mecnanism in these anigmatic chjiects zre thcught to cccur in this
wavelengtn range. For example, G9% of all gquasars are nct strong radio
emitters but have (presumably) non-thermal cptical and x-ray emission
similar %o the "radioc loud" guasars. This deviation must be explained.
Finally, to prcbe Zeerly into the optically thick cores of the very

ccmpact AGNs, (SCs, and LFVs for investigation of “he energy generaticn

zechani_.ns z2nd the crigin orf the apparently faster than light L
"supgerluminal™ motions, millimeter Vervy Long Zaseline Interfercmetry (VL2I} ii-

(¥
oy

an Te carries cut vetween the 33MF and grcund-tased millimeter telescopes

ot

O cktain extremely nigh rescluticn and rapid mapring capability.




CCNTRCL AND CCRRELATICN

Since weight, space, and power limitaticns on the Space Station will be
severe, only the minimum amount of data processing capability can be placed
in orbit. This will need to satisfy two basic requirements: 1) a general
purpcse computer to monitor, point, and contrcl the physical operaticns of
the arrzy antennas znd their related subsystems (a3 control computer), and

AY -

Z) a 3gecial ourpcse ccmputer Lo steer, collect, correlate, and compress

cr
oy
@®
o9
[}
ct
[\%}
(%]
ct
-3
1]

ams arriving from each c¢f the arrav antennas (a correlater).
Input to the ccntrol ccemputer will be lcaded periocdically either by the
Space Staticn perscnnel or bty an Qplink from the grcund 3and cutput frecm the
correlator will be returned to the ground either by down-lcading through a
radio data channel or by physical return of a high density receording medium
(tzpes?; laser disks?) cn a resuprly venicle such as the Space Shuttle.

Ail data snalysis facilities will ke locatad on the grcund and, tecause

of the similarity of the cutput data to that frcm existing or planned radio

LA}

arrays {(e.z., the VLA and the VLEA), these already exist to a certain

v o v e

v

extent in the form of VAX ccmputers running AIPS software packages at aany
lceaticns throughout the wWorld., Since the data analysis facilities are not
likely tc be incorgerated into thne Space Staticn, they will not be

dizcussed further in this consideration of the space based cempenents.

Tantrsl Temzuta The 2omstr3inti on 3 2enirisl eontrcol cemputer zre not

severe, Its main functicns invelve: 1) cocrainate conversions frem Zarth
PN

or celestizl ccoordinate frames ¢ that of the Space Staticn and then to <he .
s."-
» "L:

P : . i: ~ : fe P - ~

aitituge=azimuil ccordinztes of the individual antennsas, 2) {ringe rotaticn BN
;n:':n::

and Zelsy calzulsticsns, 3and 3) zystem menitcring. Alzo, Since most tasks f{{\
oo
.!&.D

wili e intercclated Tetween central actirol ccmputer urdates by locally

1at each 2ish) placed micrecgrocesscrs, the averags communication rates will
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be quite low, on the order of only a few hundred bits per second. Even the
more complicated coordinate conversions and fringe and delay calculations
shculd invelve no more than a few tens of kilo-flops, implying that a high
quality micreocomputer will be able to adequately perform the control

computer function.

Correlator. The requirements for the special purpose computer which
correlates the cutputs frem a large array of antennas, especially when
ineluding spectral line capability, can exceed all reasonable bounds if all
desirable observing prcgrzms are to be satisfied. Therefore, to provide a
basis {or design and cost development, we will specify an operationally

useful maximum data capzability to be attained.

Sgecified quantities:
1) Number ¢f antenna elements = 37
2) Maximum ccontinuum tandwicth (0 channels of 100 MHz bandwidth eazch)
= 7 GHz;

Maximum s&mpling rzte (crne hit sampling) 2C0 MHz:;

L)
s
L]

4) Full polarization = R,L or %.,7;

w
~r

Maximum numter of spectral line channels

"
Ul
—
N

ms/iantennaszolarizaticn 3t 20C MEz r3te = C;

2, Numcer of -aselines (37x28/2)

o

619

2]
3) Numter of czemplex correlations/baseline/kit stream for full
centinuum »clarizaticn = 4

4) Number of ccmplex correlaticns/bhaseline for line cbservaticns with
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Yield:

1) Number of complex correlators for full polarization, full 1 GHz
bandwidth continuum cbservations = 26,640 (x2 sine and cosine
correlators):

2) Number of complex correlators for no polarization, 100 MHz maximum
bandwidth, 512 channel line observations = 340,992. (x2 sine and

cosine correlators).

As is obvious for the above numbers and as is also the experience in
existing arrays, the requirements for spectral line observations dictate
the size of the needed correlator (as well as the size of the
post-correlation data reduction load) and useful astronomical line
observaticns are known $o exist which would require an arbitarily large
correlator. Hcwever, with the specifications discussed zbove, most types
cf desirable line and continuum cbservations can be rerformed well with
~700,0C0 simple (~350,000 complex) correlators. 7This is a3 reasonable size,
being approximately twice as large as the existing VLA correlator which
contains 373,242 simple correlators and is based on late 1970's and early
1680's technology.

The master ccmputer for the correlstcr need not be a large or
sophisticated machine since it will mainly be used to calculate to high
precision (rather than at very high speed) and to load control infcrmaticn
to mera locally hased microgrocesscrs in Yhe correlater. An existing
minicomputer or the VAX 75C class could preovide the needed performance,
pernaps wich an associated array processor (AP) for performing Fourier

transformations.
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COST ESTIMATES

Since the design for the Space Station is still in its very initial
stages and since not even its basic structure and form are well defined
(let alone its exact cost or the cost of adding facilities to it once it is
completed), it is difficult to estimate the cost of the SSMF, Eowever, we
will attempt to obtain a crude value by estimating the cost of constructing
such a facility on the ground and then adopting an arbitrary multiplying
factor to obtain a rough estimate of the cost in space. This "space
factor” we will define to be 10x and ;ts magnitude (as well as the
magnitude of the estimates for the varicus components of the SSMF) will
need to be refined as more informaticn decomes available. It must further
be emphnasized that even the estimates for a ground based cost do not
represent a proper engineering study and canrot bte regarded as accurate to
better than a factcr of 2.

The techneology already exists For constructicn {on the ground) c¢f
essentially all ccmponents of the SIMF (with the possible exception of
receivers Wwhere, for the highest frequencies c¢f ~1 THz, development of low
ncise netercdyne systems to repnlace presently zavailable bolcmeters is
cesirznla). Therefore, the greatest uncertainties and cost driving factors
are thcse related to constructing and operating systems in space.

The construction of a 10.4 m dish with a surface accuracy of ~1C un has

- - - -1 - -
ceen demon3tratad In the lakteritory by

J

24

L2ighteon (se=2, a2.3., Leizhtcen,

. Zuen sceuracy is sufficient for 1 THz operation, even with some
degradation in an operaticnal environment, and is certainly achievable for
the smaller S m dishes of the SSMF. A conservative ccst estimate,

considering the large number to be produced, is v$1C0K per disnh.




T

Since the individual array elements are relatively small and have a
half power beam width of ~15" even at 1 THz (~5" for the 7-shooter), the
pointing requirements are not extremely severe and ~i" pointing accuracy
will be sufficient. On the other hand, for Earth sensing the ability to
rapidly raster scan large areas of the Earth's surface will require
relatively rotust antenna mounts. Thus, as an initial estimate, it is
assumed that a dish mount will cost as much as the dish itself, with a cost
factor of v3x greater for the larger mcunt of the 7-shcoter.

Because development is taking place rapidly in very high frequency
receivers, cost estimates are extremely uncertain. Also, many individual
receivers will be needed to provide the 5 beam and dual polarization
capability of each dish at each frequency so that small errors in the cost
estimate for each receiver will be important and possible savings due to
the mass production of receivers are unknown. With these caveats in mind,
it is estimated that receivers will cost on the average “$10K each and will
te needed for ~10 frequency bands. The cost of =ryogenics to cool each
receiver package tc ~4° X must also be added (estimated at ~350K each).

Each antenna will need bcth digital and analogue electronics systems
which are estimated to cost ~3150K each. The individual antenna feeds,
because they will have Lo be built very precisely and in arrays of 5 horns
per feed, are estimated to cost “$5CK each.

Because the SSMF will be a connected array, only one hydrogen maser
clcck wWill be needed. It will then allow the ccmbined array to be used fo
VLEBI cbservaticns tcgethner with ground-based stztions. The cloek is
estircated to cost ~3$20C0K.

The control computer can be gquite small and is estimated to cost no

more tihan ~$1CCK. The correlator, on the other nand, is a very significant

article of hardware and software development and construction and cannot be

constructed for less than ~3:M.
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" Communications, IF, and data transmission lines throughout the array, s{
- ‘
. Wwith its maximum extent of only ~100 m from the center, are relatively
Lt
Y inexpensive and estimated to cost ~3$100K. '
<
N Engineering and design costs snhould not be strongly dependent on where A
\: -
:: the equipment is to be placed and are estimated to be ~$2M without the pY
i "space cost factor™ of 10. Software development while extensive, can =
N partially be drawn from that available for existing ground-based systems -
:2 and also should not have a space cost factor. It is estimated that ~20 N
<. -
- manyears of effort will be needed at +$50K per manyear or ~3$1M total. ) -
N These rough initial estimates are listed in Table 10 and yield a total -
i: cost of ~30.6 x 109. We feel that these are conservative estimates and k
», .,
$: that a more exact study may yield lower values. ;_
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SUMMARY

It is clear that a high fregquency array telescope such as the SSMF
constructed on the planned Space Station will equal or exceed in capability
any existing or planned ground based instrument. Also, because of its
placement outside of the Earth's atmosphere, it will be able to extend
research into previously unexplored frequency ranges. Thne SSMF will serve
as a test bed for developing and proving new technigues for construecting
and operating large structures and large instruments in space and will opern
vast new possibilities for scientific and engineering research. Earth
sensing, atmospheric studies, deep space communications, and astronomy will
all be greatly enhanced.

Yor Earth sensing, the SSHMF i3 sensitive to the different emissive
properties of crops, forest, land, sea, and man made structures and to
their differing effects on polarization. Sea and land temperature
differences, scil and crop moisture variations, tyres of ground ccver, and
the presence and age of surface snow and ice will all stand out clearly.

For atmospheric studies, detailed investigation of the middle
atxzecschere will be zreatly ennanced by the SSMF., The distributicn,
dymamies, and density of many important atmospheric constituents such as
water and ozone can te mapred in detail and numercus %race elsments can be
studied both for their cwn properties and for their disgncstic capabilities

- -~

53 wrzcer3 58 other al2ments. This infornmaticn will shed Llizht on suea

"W

iagertant questicns as the destructicn of the Zartn’s czone sni2id, the
crperation of gravity wWaves for mixing in the middle atmosthere, and the
lcng term accunmulaticn of carbon 2dicxide asscociated with such possibly

serious ciimate modifiers as the greenhouse 2ffect. ALl of this new

¥

nfcrmation will enhance atmespheric medeling for possible Iimprovement in
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weather and climate forcasting.
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For deep space communications beyond the orbits of Jupiter and Saturn, ’
»
existing radic telescopes provide insufficient gain for reliable data "
ey
transmission at high bit and low error rates. Only the SSMF, with its Al
large collecting area, low noise receivers, and high directivity will be ‘
gble to provide the performance necessary for rapid image transmission frem N
‘:c
probes of the cuter Solar System. A
Last, but certainly not least, the SSMF will represent an advance for b
-
millimeter-sutmillimeter radio astroncmy as great or even greater than that j-
%
represented by the Hubble Space Telescope (HST) for optical astronomy. It i
will place in Earth orbit an array of telescopes which has greater N
sensitivity and resclution at hizh radio frequencies than any existing ™
,‘-: g
instrument, With the advantage of being asbove the disturbance of the Q
Zarth's atmesphere, it will exceed in capability even the largest .
zillipeter-submillimeter telescopes being lznned and will be able to e
extend observations into frequency ranges unavailable to ground-based ?}
instruments. The SSMF will e able to attaek myriad problems in astronomy
ranging frcm the progerties of the Sun's surface, to the atmospheres of the :x
2lanets and cheir sastellites, to the structure and composition of the A
'.\
interstellar medium and tze origin of the enizmatic processes of star N
o
o~
forzation and dirth, to the structure of the cenzer of our own Galaxy the N
=3
Milky Way, to the prcperties of the numercus nearby Zalactic systems and -:;
fa
the distant guasars, Sgeetral line observations will allow investigation i
cf <he chemiztry and physics of 3ll of these regicns, 22ening un the first T
new fossizilicy for nizgn quality imaging with high zensitivity and high y:
srectral and sgatizl resclution in an unexpleres wavelength rang2 since =
, . - . s - : v
tnose grcvided oy the Zinstein x-ray sateilite zand the IRAS infrared (S
453
)
satellite, o
N
All of <nese aspects, 3as well zs 2 discuscsicn of scme of “he data t‘

handiing and grocessing techniques and a very preliminary ccst estimate
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nhave been presented. Hcwever, with a facility so unique and so powerful,

it is obvious that not all parts of it or zall uses of it can possibly be

covered or even conceived of in a short report.

More detailed discussion

and development is obviously called for on all aspects of the design,

construction, and use of the SSMF.

Table 1: Assumed System Parameters

Number of single antennas
Single antenna si:z
Antenna efficiency

Number of multiple dish antennas (7-shooter)
Number of sub-elements

Sub-element size

antenna efficiency

Freguency (v) coverag=2
Wavelenzth (i) coverage

Polarizaticn

ouno

m

.5

ON

10 GHz to 1 THz
3 cm to 300 microns

Full - R,L or A,Y

Bardwidtn 1 GHz

System temrerature 10 GHz 20 GHz 100 GHz 300 GHz 1 THz
20 X 50 X 100 X 200 X 5C0 X

Maximum baseline 200 m

Individual arm lengths 100 m

Array fcra n"

Number of single antennas ger arm 10

Altitude 500 km

Nlumber ¢f {ea2ds per antenna, staggered array 5

29




Table 2: Capability

Collecting area (7-shooter) 137 mg
Collecting area (Full array of 37 dishes) 726 m
Equivalent single dish diameter (7-shooter) 13.2 m
Equivalent single dish diameter (Full array of 37 dishes) 30.4 m
Sensitivity (19) on sky at 300 GHz with 30m integration

(7-shecoter) 3.8 mdJy; 0.43 oK
Sensitivity (19) on sky at 300 GHz with 30 integration

(Full array of 37 dishes) 0.7 mJy; 13.6 mK
Resclution on sky at 300 GHz (7-shooter) vign
Resoluticn on sky at 3C0 GHz (Full array) ven
Sensitiv (19) on Earth at 10 Gdz with O.Ss integration

(Full array eof 37 dishes in pushbrocm mode) 2.6 K
Sensitiviey (19} cn carth at 10 GHz with 605 integration

(Full array of 37 dishes in tracking mcde) 0.06 K
iesclutizn on Zarzh at 10 GHEz at 30° viewing angle

T-snootar; 1.4 x 2.2 km
= L 4 - (ol et o < 5 -
jesorution on Zarwn 3t 1C CEzZ 3¢ 50 viewing angle

«FUll oarray) 110 x 280 =na
Sinzla norn {iald of view on 3Ky at 3C0 Gz agn
- . P o - - ~e -a0
Single nern fiald of vi2w on zarth at 10 GHz at =C

vi2wing angle 4.4 ¢ 6.9 km
Tials 2f view wWith staggerec array of 5 feeds 5x
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Table 3: <Earth Sensing Applications Aty
NS
l.'f
- o
Typical ATb Pcssible requirements g
at 10 GHz Moderate resolution High resolution .
(X)
Cceanograghy
Sea surface roughness 5 X
Sea surface temperature 1 X
Pollution mapping 20 X X
Hydrology
Soil Moisture 50 X
Soil roughness 20 X
Sncwcover mapping 50 X X
Fiood mapping 150 X
Agriculture
Vegetation cover 30 X X
Crop growth 30 X
Economic Surveying
Man-made structures 10=-150 X
t‘:x
(SN
-_’;1‘
Table 4: SSMF Earth Sensing Parsmeters A
L
= , ATy
Frequency Moce lesolution Total 30 —
swath Brightness sensitivity
width AT
]
(GHz) (km) X5
i3 Full interferometric, 110 x 340 m 22 2
high resolution (CM3)
8.4 ¢ 5.3 km 347 200
s 20 x 12C m 5.3 5
3ingle dish total pecwer, 1.2 x 2.0 km 188 c.2 =
moderate resoluticn (CM1) e
30 Full intarfercrmetric, 12 x50 = 2.5 " e
nigh resoluticn (CA3) :?{
A
Single dish total gcwer, 2.5 x 2.3 xm 7S 2.3 NS

moderate rescluticn (CM1)

l
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oy Table 5: Molecular Constituents of the Middle Atmosphere Measureable With the N
'; SSMF +
‘ Species Measurement Range "
4:’ .1-
% H20 20 - G0 km :;
N HO, 30 - 50 km A
X H.O 30 - 45 km
R 22 b
% oH 30 - 50 ¥m b
~; 0. 20 - 90 im .
€10 30 - 45 m =
co 30 - 100 <m -

g el 30 - 30 «km 3
i NC, 30 - 45 n .
B :
N.O 10 = 35 «km
N < N,
>

Kinetic temperature 20 - 1CO km

Atmospheric pressure 35 - 70 knm -
X :
Y -
B _'.'
e 32 5
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Table 6: Voyager X-Band Telecommunications Parameters

Transmitting Element

Carrier frequency 3.4 GHz
Maximum power 21 Watts
Antenna diameter 3.7 m
Aperture efficiency 382 1
Bit rate (high) 115 kb s_i
3it rate (low) 44,8 kb s

Receiving Zlements

Coldstcne (DSN-14)

Antenna diameter €4 m
Aperture eofficiency 34%
Systen temperature 28.5 X
System losses 164

F Jery Large Array (VLA)

F Zffective antenna diameter 120 m
Apprcximate aperture efficiency 0%
Appreximate system losses 169
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Table 7

Jesolution,

Cbiects Potentially Visible With anBApirture Synthesis Array cf 1"
1 MHz Bandwidth, and 10

m- Ccllecting Area’

Type of Source

Maximum Petectable at the
distance distance of

Small prcto-planetary disc

Post-sheceik cooling layer

nterstellar disc

w

ipoiar Slcw {(aclec

Massive molacular cLoud

Forming cluster cr association

Huclear 2isc

Galactic spiral arm

Mclecule rich galaxy (M32)

isnt melecular clcud

at which
detectable
20 pe Nearby stars
1C0 pe Taurus and ¢-Cph <louds
200 re Mesrest clouds
1 Kpe Gould's Eelt clouds

20C kpe Incire Galaxy
2 Mpe Local group of galaxies
2 Mpe Local group orf galaxiaes

20 Mpe Yirgo cluster of galaxies
30 Mpc  Virge super-cluster

2C0 Mpe Nleardy zalaxy clusters

2CQ0Q0 Mpe z = 0.2 guasars
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Table 3: Detected Species and Line Survey Parzmeters’

[ 4
)
o ¢

Co HCN H,S HC_N

P R S o W N )
(0 o S !

CN ENC HNCO CH,CN

NO uco” H,CO CH.CCH 3

cs HCS® H_CS C_H LN oG
$10 ocs H,CCO CHC

2 2°5 3

s¢ s0, HCOCH HCoCCH,,

3 v

C H HDO CH 1CH C30CH, i

Pl
.,

1

Source: CMC-} Coverage: 2C3 - 26

(VY]
o
i\l‘
,,

2

Sersitivity: £0.2-9.3 X Resoluticn: 1 MH=z N
Lines IZdentified: >825 Unidentified Lires: 322 NS
v » A

lsctcpes Detacted: 2,0, '2C, 3c, Yew, %y, tg, Y70,
“O' Z.Si, “Si. )')Si' J:S' IJS'
!!S J!C1
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Table 10: Cost Estimates (X$) "
Per interfercmeter element W
5,
5 m dish $ 100 ¢
Mount & guidance equipment i $ 100 N
Feeds $ 50 N
Ccoled receivers (10 bands x 5 receivers
X 2 polarizations x $10K each) $1,000
Cryogenic refrigerator (4° K) $ 50 -
Zlectronics (digital & analcgue) 3 150 X
Total per antenna $1,450 o
3 Subtctal for 30 antennas 343,5C0
Seven-shooter :E
7 x 5 m dishes @ $10CK each $ 700 o
Mount & guidance equipment $ 300 .
7 x feeds @ 35CK each $ 350 '
Ccoled receivers (10 bands x S5 receivers per dish
- x 2 polarizaticns x 7 dishes x 310K 2ach) $7,0C0 o
) T % cryogenic refrigerators (4° X) 8 35CK each 3 350 .:
. 7 x elactronics (digital & analogue) 8 $150K =2ach 31,050 T
Subtotal for 7-shoocter $ 9,750 $ 9,75C 4
- dydrogan maser cbservatory clock 3 200 ve
: Contrcl coemputer including peripherals 3 100 -i
. P
0 LY
) Correlatcr $ 3,000 &
4 Ccmmunications lires, IF transmission lines $ 100 .
: Subtotal $56.650 N
x 1C for space application $566,5C0 i:
Shngineering and design $ 2,C00 -
Scitware develogment 3 1,000 -
: Total 3569,5C0 N
P,
. P
. ,F.
8 N
» ’._
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Fig. 1 — Schematic diagram of the SSMF viewed anti-parailel to its instantaneous velocity vector
assuming gravity gradient stabilization along its vertical arm (Arm A). All three arms (Arms A. B. &
C’ are perpendicular to the instantaneous velocity vector which is tangential to the orbital path. 30
dishes. each 5 m in diameter are spaced at 10 m iatervals in a "T" configuration with 2ach arm
supporting 10 dishes and deing ~100 m long. A centrai large survey antsnna (T-shooter) contains 7
disat efements. each I m in diemeter. All individual dishes ind .ne 7-shooter are fuily und
.ngerendanily steeraple.
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A

Fig. 2 — Primary beam pattern of the SSMF with 5 feeds per anteana at 10 GHz projected on to the
Earth's surface at an incidence angle of 30°. Diameters of the ellipses correspond io the half-power
beam width. The interference pattern which results from correlating the full array permits high
resolution mapping within each beam area and is illustrated schematically in the top beam.
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SIGNAL-TO-NOISE RATIO

2"
v s e

S
A
»

:
pe

:‘m

s e

| 3 10 30
DISTANCE (A.U.)

Fig. 3 ~ Signal-io-noise ratio {dimensionless) vs. distance in Astronomical Units (A.U) (1 AU, - 1.§
< 10® km). for various deap spaca commumnications sysiems. (DSN - Desp Space Network 64 m
antenna (Goldstone). VLA = Very Luarge Array of tha Natonai Radio Astronomy Observatory
INRAO!, SSMF = Space Station Miilimetar Facility.] The transmitter characteristics are those of the
Vovyager spaczcraft. although for the tur right curve a fraquency of 90 GHz is assumed. For the curves
labelled Goldstone 1ad VLA tae frequsncy is 3.4 GHz (Vovazer X-band telecommunications channel).
The bit rate is 4.3 kb s, except where noted as high bit rate, which is 1135 kb s~'. The shaded region
corresponds 0 a St error rate in excass of 0.3%, ihe tolerance for Yoyager imaging data.
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Fig. 4 — Transmission and optical depth of the aimosphere for 1.5 mm of precipitable water vapor
from probably the best ground-based observing site, the top of Mauna Kea. Hawaii at a height of 4,200
m. As is evident from the figure, observations up 0 300 GHz (I mm wavelength) experience some
degradation. from 300 GHz to 300 GHz only a faw relativaiy poor observing "windows" are available,
and for frequencies > 300 GHz observations are essentiaily impossible (JPL, 1983).
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Fig. 5 — The maximum resolution (best resolution at top, poorest resolution at bottom) as a function :::::
of frequency (wavelength) possible with existing or planned millimeter-submillimeter radio telescopes. :}-'
{1. Infrared Teiescope Facility (IRTF) 3.2 m telescope; 2. Bell Telephone Laboratory 7 m antenna: 3. Py
planned Max Planck Institut - University of Arizona 10 m submillimeter antenna: 4. planned California
Institute of Technology 10.4 m submillimeter antenna; 5. National Radio Asironomy Observatory L
(NRAO) 12 m antenna on Kitt Peak: 6. Five College Radio Observatory (FCRAQ) 13.7 m antenna; 7. .
plar.aed British-Dutch 15 m antenna: 8. Onsala, Sweden 20 m antenna; 9. German-French (IRAM) 30 5:'_.-
m antenna; (6. Nobeyama, Japan 45 m antenna: |1. California Institute of Technology 3 element (10.4 .-\S
m each) 150 m baseline interferometer. 12. University of California 3 zlement (6 m each) 300 m '
baseline interfezrometer: 13. planned German-French (IRAM) 3 etement (15 m each) 320 m baseline ]
interferometer: 4. Nobeyama. Japan 3 element (10 m each) 360 m baseline interferometer.] The .-\.
approximate highest frequency (shortest waveiength) to which each telescope is useful is also shown. ‘:x:
All ground based telescopes, independent of their location and surface quality are limited 1o frequencies .r::.
<300 GHz (0.6 mm wavelength) by atmospheric absorption (see Figure 4) and most telescopes are ':\‘
limited by their surface accuracy to frequencies <300 GHz (>1 mm wavelength). Even for the highest O

L4

quality antennas and observing sites, observations in the frequency range 300 < » (GHz) < 300 will
only be possible on a few days per year under optimum observing conditions so that this frequency
interval, even when within the theoretical capability of the instrument, has be2n indicated by a dashed
line. The SSMF. both for full resolution observations and for surveying with its ceatral 7-shooter, is
unhindered by these !imitations. (Data from Barrett er al, 1983).
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unhindered by these limitations. (Data from Barrett er al., 1983).
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